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Coinpressior tests were made of 63 panels stiffened 
wlch corrurated sheet. The specimens were coristructed 
froi.i artificici.'ily a.r^ed alclad 24S-T aluminum alloy with 
minimum guaranteed yield strengths of 57 and 48 kips per 
square inch for the flat- and corrugated-sheet materials, 
respectively. 

Results of the tests are T:>resented in charts v/h:' ch 
show the avera.^^o stresses at the ma:iimuni load and at 
buckling of tne sheet. 



INTRODUCTION 



To provide information on the compressive stren^'th 
of stiffened nanels, the proportions of which vary over 
an extensive ranre, tests v;ere performed at the request 
of the Army Air B'orccs on panel specimens v-dth corrugated- 
sheet stiffening. The specimens were made by the 
Consolidated Vultee Aircraft Corporation. 

The thicknesses of the flat and co'^'rr.g p ted sheets 
and the specim.en length were varied systematically for 
two sizes of cori-ugation to show- the effects of changes 
in tliese dimensions on the strength of the panels. 



TrST SP?:CTMEN3 



Cross sec:.ions of the two types of specimen are 
sho;m in figures 1 an_d 2. The material of the specimens 
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was ai'tli: clall^y agod alnlad 243«T a]i:uninum alloy with 
the grain of "both the flat and the corrugated .^heet 
parallel to the corrugatiois . Twenty-seven of the 
panel.^ wei^e of the cross section shown In figure 1, arid 
35 v/ere of the cross section shown ?.n figure 2^ 

The ere S3 -sectional area was determined from the 
density of the material and the weight and length of 
each specimen^ with pronor allowance for the weight of 
the i^ivet heads o 

Proportions of the test specimens are designated 
by the symbols shown in figures 1 and 2, and the nom.inal 
dimensions, furnished by the manufacturer, are given in 
the charts that present the test results. In the 
preparation of the test data actual values of the dimen- 
sions, obtained by measurement of the specimens, were 
usedr 



Method of Testing 

The specim.ens were tested in the 1, 200, OOO-pound- 
capacity testing machine in the J'ational Advisory 
Oomxmittee for Aeronautics structures-research laboratory. 
Figure 3 shows one of the speoim,ens under test. The 
ends of each specimen were carefull7f ground flat, parallel 
to each other, and square \.ith the longitudinal axis of 
the specimeno The alinement of the specimens in the 
testing machine so as to retain the flatness and paral-- 
lelism of the ends v/as accomplished by me£ins of the guide 
bars shown in figure 3- These guide bars were backed 
away from the specimen before the maximum load was reached. 

Strains on the flat and corrugated sheets v^ere meas- 
ured by wire -resistance-type strain gages. The strain 
gages en the flat sheet were located in pairs attached 
to'oppcsite sides of the sheet. Figure 4 shows the 
location o"^ the gages on the stiffener side of the flat 
sheet V These gages \;ere attached to the flat sheet 
before the riveting opcraticno The lead wires from the 
strain gages were brought out through holes in a hardened 
bearing^'block in order to avoid drilling holes in any 
part of the specimen. Thr^ over-'all shortening of each 
specimen was measured with dial indicators. 



Test Re3iilts 



The average stress at rnaxirriim lead wrs determined 
for each panelo This stress was adjusted to apply to 
a panel that did not incli-^.de the area of flat and cor- 
rugated sheet bryond the outer rc7;s of rivets. It 
^as adjusted also to ml ' ' : guaranteed properties of 
the materials. The pr ■ . ires by which these adjust- 
ments were performed are described in the appendix. 

The strenf':ths of the panels as sho'^m in figures 5 
and 6 vjere obtained in flat-end tests in which the 
average coefficient of end fixity was asswued to oe 
3o75e (See appendix.) As the aircraft designer 3s 
more frequently interested in the strength of par els 
considered as columns v;ith end-fixity coefficients of 
c = 1 or c =^ 1.5, the actual lengths of the specimens 
have been reduced to equivalent lengths corresponding 
to the latter two values of the end-fixity coefficient. 
The abscissa scales on the charts therefore show the 
lengths of corrugated- sheet panels v/ith end- fixity 
coefficients of c - 1 and c = 1.5 and with strengths 
equal to those of the test specimens. 

The average stress at vhich buckling of the sheet 
occurred ■'■/as determined for the specimiens by the method 
described in the appendix. Buckling stresses for 
specimens with the sarie cross section but v/ith different 
lengths were aver-aged, and this averaged stress is indi- 
cated in figures 5 and 5 by a short horl-^ontal line. 
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The liianner in whicji the best data should be pre- 
sented was decided in conference with Dro H. L. Langhaar, 
of the Consolidated Yultee Aircraft Corporation. The 
procedure is sir.dlar to that of reference 1. The test 
data lor each specimen included strain measurerents on 
the flat and the corrugated sheet and over-all shortening 
of the panel at a number of loads varyixip; from the 
initial load to a load near maximiairie 

The syinbols used in the equations and figures for 
preparation and presentation of the test results are as 
"follows: 



a distance from outer rov/ of rivets to edge of sheet, 
in. 

be depth of corrugation, in* 

bp distance between adjacent rivet rov/s, iUo 

c fixity coefficient in the Euler colujnn formula 

tc thickness of corrugated sheet, in* 

ts thickness of flat sheet, in* 

A cross-sectional area of specimen, sq in. 

Ac cross -sectional area of corrugated sheet, sq 

in . 

As cross-sectional area of flat sheet, sq in. 

Fyp weighted compressive yield strength for a panel 
in which, the flat and corrugated sheets do not 
extend beyond the cuter rivet rows, ksi 



(Fyp) compressive y:eld strength foi* corrur:ated sheet, 
^ ksi 

(p^p) ^ compressive yield strength for flat sheet, ksi 

L specimen length, in. 

P maxlmiom load on panel, kips 



a' adjusted average stress at Tnaxiainni load for a 

panel in v;]'\ich the flat and comigated. sheets 
do not extend beyond the outer rivet rows, ksl 

stress in comu^'^te d sheet at max'^y'ivvi load, ksi 

O'g stress, in flat sueet at rra.cimum load, l:si 

The essential r:teps taken in pi'eparing the test daba 
for presentation are as follov;s2 

1, The load on the specimen wp.s plotted against 
the shortening per inch of speci^ien length, and the strain 
at maxim^jrn load was obtained by extrapolation of the curve 
dravTi in this plot. The strain was converted to stress 
in the corrugated sheet Oq by use of the s tress^-strain 
curve for the corrugated-sheet material. 

2. At naxiinu:n load, the longitudinal strain in 
the flat sheet near the riveb' rows was assumed to be the 
sane as tke longitudinal strain in the corrugated sheet. 
This strain in the flat sheet was converted to stress 

by use of the s tress-strai.n curve for the flat-sheet 
material . 

3o The a^T-erage stress at maxiinuTii load foi^ each 
specime-a v'as adjusted to apjjly to a panel in which the 
flat and corrugated sheets do not extend beyond the outer 
rivet rows o This adjusted average stress was obtained 
by the equation 

A ~ <L s. ( 1 2 t Q ) 



4. The adjusted average stresses of step 3 
were also adjusted for mini^ruin guaranteed material proper- 
ties by the method described in reference 2. Because 
the sheet and stii'fening materials possessed different 
properties, it v^as necessary to determine a \Areighted 
j^ield strength for a pa.ielo The weigxrbed compression 
yield strength used for the panels of this investigation 
is given by 

(^^YP)o(Ao - 2atc) + (Fyp)o(As - 2ats) 
'^^ " (Ac - 2atc) + ■( ig - 2ats) 
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The vreishted giiaranteed coinpresFJlon yield .stress for a 
r-anel I3 obtained froin. che preceding equation Wien the 
minimum guaranteed yield strengths of 43 end 57 ksi are 
sub.^tituted for (Pyf)c ^'^'Y?) respectively. 

T?a3se minimuTii guaranteed yield strengths v/ere supplied 
by the Consolidated Vultee Aircraft Corporation. 

The average stress at rriaximurn load that is ob- 
tained from steps 3 and 4 is the average stre.ns^ adju.sbed 
for standard material properties for a panel in which 
the flat and corrugated sheets do not extend beyond the 
outer rivet roi's. 

5. Tests in the l,200;,000~poand-capacity 
testing nachine in the NACA structures-research laboratory 
indicate that an avei'age cnd-fizity coefficient of about 
5,75 is obtained in flab-end tests of panels sDLiilar to 
the panels of this investigs tion. This x^alue^ then, was 
assumed to a.pply to all panels with corrugated-sheet stif- 
fening. 

The pin-end length of a panel that is equivalent 
to a panel v/ith end-fa xity coefficient of 3 .75 was deter- 
mined by multiplying the actual length of the test 
specimLen by 




For these values of pin~end length, the adjusted 
average stress at maxjm.um load v^/as plotted using the upper 
abscissa scale presented in the figures. The lower 
abscissa scale for c = 1.5 was obtained multiplying 
values of length on the ur^per scale by 



/1. 5 
\!~~ 

6. Buckling of the flat sheet v/as determxlned 
from the longitudinal strain measurements m.ade on the 
panel. Each v/idth of flat sheet between rivet rows was 
considered to be a long flat plate vrt.th the loaded edges 
at the ends of the panel and with the unloaded side 
edges at the center lines of the rivet rows. For each 
width of flat sheet, the average strain at the side edge 
\';as plotted against the average strain at the center. 
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The strain at the side edge was assumed to be the same ^as 
the strain in the corrugated ^heet and wa5i obtained froia 
the strain gages attached to the corrugated sheet. (See 
fig. 2 J The strains at the middle of each width of 
flat sheet were obtained by direct measurement • (See 
fig. 4.) The critical strain for the flat sheet v/as 
ta;'ven as that value of edge sti^ain at which the curve of 
edge strain plotted against center strain shovjed a defi- 
nite deviation from a straight linOc The load on the 
panel at the ci'itical strain was then obtained from a 
curve of load })].otted against the a^rerage strain in the 
corrugated sheet, and this critical load vi^as converted 
to the average stress on the cross section of the panel. 
For panels of the same cross section but of different 
lengths J, the critical sLrecses v.^ere averaged and these 
averaged stresses are indicated in figures 5 and 6. 
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2. Anon,? Strength of Aircraft Klemonts. AImC-S^ 
Arir.;y-Nav3? -Civil Cononittee on Aircraft Design 
Criteria. Revised ed- ^ Tec, 1942. 



Figure I .-Cross section of ponel. 

Seven corrugations, b^^ 2in. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 




Figure Cross section cf panel. 

Five corrugations, bo3in. 



Figure 3.- A corrugated-sheet-stiffened specimen in testing machine 
ready for tests. 




Figure 4.- Location of wire-resistance- type strain gages under the 
corrugated sheet. 
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